PRbéRESS REPORT OF ROADWAY REVEGETATION STUDIES FOR
THE MULLAN LINE WEST SECTION OF INTERSTATE I-90
: 1973-74 , .
by
Stephen B. Monsen
This report is a cooperative study between the Intermountain Forest

and Range Experiment Station, U.S. Forest Service, and the Idaho State

Department of Highways. The repdrt outlines the principal findings and

accomplishments of revegetation studies conducted on the Mullan Line

West portion of Interstate I-90 for the 1973-74 period. The research
project was initiated in 1970 as a five-year study but operable through
yearly renewals. The results are reported for four major study objec-
tives: (1) Species selection, (2) Seedbed Preparatiqn and planting
procedures, (3) Environmental and climatic influences, and (4) Plant
composition changes. _

. s/

Studies were instigated to evaluate the practice of seriating or
benching cut slopes and seeding shrub and tree seeds with herbaceous
plants onto road disturbances. The Mullan project transverses a most
scenic mountainous route in northern Idaho, which has been severely
altered to facilitate a modern highway. The barred cut and fill sur-
faces are difficult to revegetate, but require an effective and appealing
plant cover to stabilize erosion and maintain aesthetic resources.
Attempts have been made to replant, through direct seeding and trans-
p;anting, a representative assortment of native shrubs and trees which
are best adapted to the exposed and mixed substrata. The Mullan project

occurs in an area of high rainfall which assists plant growth but

presents problems of surface erosion and mass slumping.
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Although conditions aligning the road project present problems
that are somewhat endemic to this site, the barred slopes are similar
to disturbancgs created by roads constructed in other porfions of the
state.' Consequ;ntly, improvements achieved at the Mullan site in‘seed-.
bed preparation and planting techniques would be of significant importance
to other roaded areas. Planting practices which would facilitate the
use of shrubs and trees would greatly improve the possibility of plant-
ing sites which now are left untreated. The cover and plant composition
of sites seeded to only a herbaceous understory would also be enhanced
with woody plants.

Due to the enormity of the project, three years were required to
construct the road; As sections of the route were built the completed
portions were fall planted. Study plots were established on representa-
tive areas that were seeded each year; the final plots were established
in 1973. A miﬁimum of five years appears necessary to evaluate most
'studies, and the 1973-74 period completes the third year of this project.

Information &erived from the study has already greatly assisted
the reclamation of other disturbances, particularly sites with similar
physical conditions. Benching éf cut slopes has provided an improved
seedbed that has stimulated considerable interest from other land
managers. Consequently, this project has attracted special attention
and is providing an excellent area for continuing studies. During the
1973j74 period the author utilized information from the study in prepara-
tion of a paper titled "Selecting Plants to Rehabilitate DisturbedvAreas"

which was presented at a symposium jointly sponsered by the Society for
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Range Management, American Society of Agronomy, and Crop Science Society
of America, Appendix I. Personnel from the Idaho State Department of
Highways also presented a summary of the projeci at the annual WASHO

meetings held in Portland, Oregon.

OBJECTIVE 1

SPECIES SELECTION

Most species utilized in the roadway and barrow pit plantings appear
well adapted to these disturbances. Seeded grasses and forbs have
attained a dominant vegetal cover within the first growing season follow-
ing planting (Table 1). Grasées have developed a remarkable cover on
nearly all sites; The rapid growth rates and low mortality of young
seedlings have contributed to the excellent stands. Although grass
density is more uniform on fill slopes than for benched cuts, plants
are well established on all sites. The average ground cover for seeded
grasses recorded on a typical fill slope is presented in table 1. Note
that within one growing season grasses occupied over 507 of the surface
area. After two years, the ground cover increased to a .figure of 65%.

Orchardgrass and timothy are the most aggressive species included
in the plantings. Both grasses provide an effective ground cover, particu-
larly on fill slopes which are subject to surface erosion (Fig. 1). The
steep fill slopes are highly erosive if left bare. Normally both the
cut and fill surfaces are left in a rough condition by road comstruction.
The fough surface provides an excellent seedbed for broadcast planting.

However, if the bared areas are not seeded the year they are constructed,
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Table 1. Average ground cover on road fill slopes for seeded grasses

~ Percent Ground Cover

Species - Date: 5/24/71  6/8/71  6/15/71  8/24/71  8/24/72
Canada bluegrass 5.63‘ 9.17
Intermediate wheatgrass 4.83 1.20
Orchardgrass 19.07 19.73
Tall oatgrass 1.30
Timothy 20.40 19.30
Grass seedlings 1.27’ ii;B? 15.70

L2727 1137 15.70 51.23 65.10
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soil erosion negates the seedbed qualities. Observe in Figures 2A and B
the first year erosion of soil fines which occur from a fill élope that
was not planted. As sites are eroded the surfaces become very hard and
plants are not easily established.

Although forbs were no;»heavily seé&ed with the grasses and shrubs,
their presence has been highly beneficial. White clover was planted in
all seedings, and has slowly increased in ground cover. The lggume is
well adapted to the infertile soils, and does not decline in vigor and
herbage production as the applied fertilizers are exhausted. Most
grasses show a definite decline two or three years after fertilization.
Range type alfalfa was seeded in the 1972 seedings, and has responded
equally as well as the clover. Most alfalfa plants are more productive
than tﬁe clover, and substantially increase the vigor of the surround-
ing grasses.

A primary concern of the project has been to establish, through
direct seeding, a mixture of native shrubs éﬁd trees on all cut and
fill slopes. Because separate plantings were not possible, the woody
plants were seeded with the grasses and forbs. This approach encouraged
competition between the more aggressive grass seedlings and the slower
developing trees and shrubs.

Nearly all seeded trees and shrubs emerged from broadcast planting.
The response has been satisfactory for all plantings conducted in the
fall and winter months. However, grass competition has suppressed and
eliminated many woody seedlings. Losses are more pronounced the second

year after planting., As grass attains a ground cover approaching 40 to
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Figure 2.--Fill slopes are highly erodible if left unplanted:
A, Soil fines dominate the mixed fill materials;
B. Within a few months small soil particles are removed by
surface erosion.
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50 perceﬁt, trees and shrubs succumb, Woody plants which become wg11>
established are less sensitive, and usually are not lost.

Trees and shrubs are well adapted to the infertile subsoilsiwhich
have been exposed. Contrary to the grasses, the young shrubs and trees
do not require heavy applications of ferfilizer to assist in seedling
establishment. Consequently, trees aﬁd shrubs which often are encountered
alone have developed excellent plants. A summary of the more successful.
species was reported in the 1973 annual report. Few changes have been
observed in the rankings already presented. However, sufficient seed
of rockspirea and mountain ash were purchased and added to the 1972 fall
seedings. Both shrubs have grown remarkably well on the disturbed slopes.
The seedlings develop rapidly and appear to be very competitive with
the seeded grass (Figure 3). The first year growth rate of both shrubs
exceeds that recorded of most other shrubs. The growth habit, form,
and flowering characteristics of these plants cause them to be very

attractive and useful in roadway plantings.
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Figure 3.--Two-year-old seedlings of mountain ash grow
exceptionally well on infertile subsoils.
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A ﬁumber of tree and shrub seedlings and transplants have died on
certain sites; but losses are primarily attributable to poor planting
procedures. Most tree and shrub species have established and grown

satisfactoril&,'if properly planted. Planting systems must be developed

which would favor the growth of the slower developing woody plants, and

~- - - ~ - -

yet insure an adequa£e4gr§ﬁnd'cover of hérbaceous species. Considerable
progress has been developed in this regard, and is reported in Objective 4

of this report.

= — SN

Site conditions, aligning roadway disturbances, can be used to

promote the growth of certain species, such as trees and shrubs. The
2 .

infertile substratz which is exposed in a roadcut, and utilized to
cénstruct a roadfill, ca; be fertilized to promote or limit the growth
rate of seeded species., Most grasses are highly dependent upon the
‘availability of soil nutrients, and vegetative growth can be regulated
through fertilizer applications. Limiting the fertilizer or delaying
the dates of application would benefit the trees and shrubs without
eliminating the seeded grasses. 1In addition, reducing the grass seed
to about 4 pounds per acre has substantially improved the survival of
seeded trees and shrubs. Canada bluegrass has responded very well as
a companion crop for seeding with trees and shrubs. This grass is
slower to develop than the orchardgrass, timothy, and smooth brome, but
develops a satisfactory cover within two or three years. Consequently,
vthe slow growth rate allows trees and shrubs to establish and grow
without severe competitive restrictions. The bluegrass is also less

sensitive to low levels of fertilizer than most other grasses. This
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species has consistantly increased in total ground cover on unfertilized

sites as other grasses have slowly weakened.

OBJECTIVE 2

SITE PREPARATION AND PLANTING

An adequate number of grass, forb, tree and shrub seedlings have
been recorded on both the mini-bench surfaces and fill slopes for all
three years of planting. Benching the cut slopes provides an excellent
seedbed for broadcast planting. Individual benches comstructed at the
Mullan site are of proper size and length to intercept surface runoff
from rainstorms or snowmelt. The cut faces do not generate high velocity
fldws as runoff, and soil sloughing has not become a problem. Benching
the rocky cuts has created planting sites which otherwise would have
been left untreated. This method of road construction should be
recommended for sites that consist of hard but highly fractured bedrock.
Benching has also been successful as a temporary measure in stabilizing
highly weathered parent materials. The short term control allows suffi-
cient time for seeded species to become established, which prevents
further soil sloughing. If properly seeded, plants are well distributed
on the mini bench surfaces. As expected, the level bench intercepts
and retains a high percent of the broadcast seeds. Moisture is also
collected by the bench, which simulates a greater amount of vegetative
growth than is recorded on the cut faces of the mini bench.

However, as recorded in Table 2, the mini bench surfaces provide

a favorable microenviromment for seeded plants.
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Table 2. Grass density encountered throughout different positions in a

mini-bench surface ,

POSITION OF MINI-BENCH

Level Low 1/3 Mid 1/3 Upper 1/3
PIOCRADSE poney segguene SGETLOF Sgment of | Segent o
e .. - - Number of Live Plants - - = - = = = = -
1 | xk 71 65 65 60 -
2 45 25 31 26
3 75 25 15 15
4 46 27 2 2

Average 58 .. . 35 .. .28 25

T . x
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Piants.are often widely scattered on the mini benches which is due,
in part, to irregular seeding. The sites are often inaccessible éo the
hydroseeder, and many areas are missed in planting. Seeds are frequently
blown upslope, and the heavy seeds are carried for a greater distance
than the light weight species. Consequently, irregular seeding patterns
are often encountered. ’

The rocky surfaces of most mini benches favors the establishment
and survival of seeded trees and shrubs. Young seedlings are widely
scattered throughout the rubble (Fig. &). fo surviﬁe, plants must be
located in areas where soil fines occur. The high percentage of rock
in the surface profile creates’ irregular ﬁockets where soil fines have
accumulated. Consequently, plants are widely scattered, and graés
competition is not a serious problem. Although small seedlings often
succumb to drought on these shallow soils, the Lookout Pass area ﬁsually
receives sufficient summer storms at regular intervals to recharge the
rapidly drying soils,

Transplanting nursery stock of shrubs and trees onto highly erosive
sites has proven to be successful in reducing soil erosion. The survival
of transplants on rocky mini bench sites has been very successful, if

planted with adapted species. Unfortunately, suitable planting stock

has not been available or used in some sections of the road. Plant

survival has also been seriously reduced by poor planting. Ratings
taken in early June 1973 showed the immediate effect of improper plant-
ing on the survival of ponderosa pine (Table 3). Nearly 55 percent of

all transplants failed to establish and died soon after planting. All



Figure 4.--Tree and shrub seedlings can be successfully estab-
lished by broadcast planting on the rocky surfaces of the

mini benches.
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'Table 3. Transplant survival for 1973 plantings at the

Big Creek barrow site

Percent Survival

Species ~ June 1973 ~ Aug. 1973
Ponderosa ﬁine 44 : 24
Black locust 79 78

Siberian peashrub 78 62
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dead plants were excavated and examined to determine the possible

causes of death. Nearly all plants were poorly planted, the roots

were not properly covered with soil and roots were most often doubled

up in a shallow hole.

Losses of pine transplants continue‘throughout the first growing
season, as the weaker plants succumb during the summer period. However,
few plants which survive the first year die during the second or third
year after planting. If care is given in planting, considerable
improvemeht in survival and piant vigor“§§ﬁld be ééhieved.

The growth rate of mﬁst conifefs has been slow the first two yeafé
after planting. However, once established the plants produce good
termingl growth rates (Figure 5).7 Ponderosa pine has also been more
sensitive to soil moisture than most deciduous shrubs. Approximately
50 percent of all pine transplants survived from the 1972 plantings,
as compared to about 24 percent survival for the 1973 plantings. The
annual precipitation in 1972 was considerably higher than in 1973.

First year survival for black locust and Siberian peashrub planted
in 1973 was 78 percent and 62 percent, respectively (Table 3). Nearly
80 percent of all transplants survived the first year. Losses occurred

in the early spring months; again, a result from poor planting. Few

_plants died in the mid-summer period. These two species are well

adapted to the harsh sites, and can be successfully transplanted as
bare rootstock.
Transplant losses have not been affected by understory competition.

The grass density on most benches has not suppressed the transplant




Figure 5.--Ponderosa pine requires one or two years

to become established on the harsh bench sites.
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survivai. If trees and shrubs are transplanted in the spring following
fall grass seedings, the woody plants are ableito compete with ;he
developing grass cover. k

Study pléts have demonstrated that Woods rose, mountain sndyberry,
and skunkbush sumac are plants which wohldfbe adapted to these problem
sites. Although transplanting is a more costly mefhod of planting than
direct seeding, the process can be used to selectively establish a
desired array of plants on most disturbances.

e
Lonicer ciliosa, orange homeysuckle, has been encountered near the

Elizabeth Park barrow site, and appears to be a very promising species
for planting on disturbed soils. The low statue shrub grows as a
tfailing vine and forms a dense ground cover. The shrub exhibits a
number of promising characteristics: (A) it has surviﬁed‘from exposure
to the toxic air pollutants discharged from the Kellogg smelter;

(B) the plant roots easily and new rootlets develop from the stem nodes,
if the stems contact a moist soil surface; and (C) the shrub is well
adapted to the infertile and unstable soil surface and can be useful

in planting erosive slopes.

In the fall of 1972, seed that had been broadcast planted with the
hydroseeder were collected for germination and viability studies. Sample
lots were separated by species and placed in controlled germination
chambers. Tests were conducted on the major grass, forbs, tree, and
shrub species which were seeded throughout the road project. Comparative
‘tests were also conducted of similar seed lots which had not been run

through the hydroseeder.

84
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Visualldamage of h&droseeded seeds was detected in three species--
snowbruéh.ceanothus, 9%; western larch, 67%; and lodgepole pine, 3%.
Seeds with brittle seedcoat can be broken by the hydroseeder.

Theﬁhydéaseeder had a detrimental effect on the germination of
nearly all species. The impact was recorded by a delay in germination
and a reduction in the number of seeds which ultimately germinated
(Fig. 6). The reduced germination of hydroseeded seeds may, in part,
be due to the germination techniques we used. All seeds were hydroseeded |
in a water slury, and had to be dried before they could be separated
from the Silva-Fiber mulch. Consequently, seeds could have begun to
germinate before we were able to dry the mixed material. However,
;imilar conditions occur in field planting, where repeated wetting and

drying occurs.

The important test of the effectiveness of the hydroseeder is the
establishment of field plantings. Most hydroseedings conducted along
the road project have been successful, and seeded plants do not appear
to be severely depressed by this method of planting. However, seed
losses do occur from the hydroseeder, and sufficient seed should be

applied to compensate for the damage.
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three grasses.



-20-

OBJECTIVE 3

ENVIRONMENTAL AND CLIMATIC INFLUENCES
ON PLANT ESTABLISHMENT AND GROWTH

" Seedings conducted during the fall of 1970, 1971, and 1972 have
all re;ulied in the establishment of a satisfactory ground cover. Total
anﬁual precipitation received in‘1971, the first summer following planting,
was slightly higher thanﬂnormalj however, in 1972 a reveréal occurred.
The total annual precipitation recorded in 1972 was much lower than
normal, and very little rainfall was received during the growing period.
The growth of established plants was not adversely affected during the |
yéar of low precipitation. However, fewer seedlings became established.
Ypung plants that did emerge on the rocky benched surfaces succumbed to
drought early in the summer. The drying effect was most damaging to
Shrubs and tree seedlings.

The herbage production of established grasses has not varied greatly

during the course of the study. Even during the period of low precipita-

- tion in 1972 the herbage produced remained relatively stable. Plants

that were green throughout the entire summer of 1971 dried up about
mid-August in 1972. This occurred due to a lack of summer precipitation.
Even during periods of low annual rainfall, the planted areas
receive an adequate supply of moisture to sustain established grasses.
Spring and summer moisture is very critical to the survival of small
seedlings. The exposed rocky substrata, which serves as the soil media,
has a low water storage capacity and drys rapidly. Consequently, small
seedlings cannot survive if plants must rely upon the overwinter storage

of soil moisture.
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Most seeded species have proven adapted to the road disturbances.
Although it is not surprisihg that the introduced grasses grow very
well, the response of less drought tolerant plants is quite encouraging.;
Seedlings of western larch, grand fir, chokecherry, Holodiscus, énd
mountain ash have performed well under adverse moisture conditions.

The survival of transplanted nursery stock has been very sensitive
to sPring and early summer storms.. Althoﬁgh plant survival varies among
the species that were tested,‘mortality is directly effected by recurring
storms that are received soon after planting. Transplants that become
established usually do not produce an abundance of vegetation the first
season. Thereafter, yearly growth rates are more responsive to seasonal
differencés in the amount of mo&sture received.

Transplanting shrubs and trees as bare rootstock on the benched
slopes and barrow sites must be completed early in the spring if plants

are to survive. Transplants should be established before the soil sur-

face dries from warming spring temperatures. Early plantings are also

more likely to benefit from spring storms than plantings delayed into
the late spring period. Approximately 70 percent of all conifers trans-
planted in the spring of 1973 at the Big Creek barrow site succumbed

the year of planting. High mortality is expected of plantings conducted

on the rocky sites, but if the sites had been planted earlier in the

~spring, survival would have been much better.

Climatic differences have not caused an apparent change in the
plant composition for sites throughout the project. A difference in

elevation of 1,000 feet occurs between the road summit located near the

o
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1daho-Montana state line and sites near the town of Mullan, Idaho.
However, influences in the period of seed germination and seedling
emergence have been recorded between different sites. Fill slopes,
located near the road summit, remain covered with snow for about ten
days longer than slopes studied near Mullan. Seed germination began
immediately after the snow receded at the lower sites. The response

was not so instantaneously at higher elevation sites where temperatures
remain somewhat lower. The delay in seeﬁ germination at the upper sites
was evident for a considerable period. Plantings, which emerged on the
lower sites produced a deﬁse ground cover the first season. The average
plant cover for the lower slopes was nearly double the figure recorded
for the slower developing plantings on the upper sites. The differences
continued to lag through the second year following planting. At the

end of the third growing season, the average ground cover and herbage
production of most plantings was quite comparable.

It is evident that seedings conducted during the spring period have
less chance to fully develop than fall plantings. The surface soil dries
quickly and seedlings often fail to produce a satisfactofy root system
to sustain the plant during the dry summer period.

Spring plantings were conducted on the Big Creek barrow site in
1972. The planting resulted in the poor establishment of shrubsband
tree seedlings. The grasses developed somewhat slower than would have
been expected from fall plantings. All herbs have since grown well and
now provide a good ground cover. The date of planting is critical to
seedling survival and plant development and fall plantings are strongly

Rtk
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Suréace erosion is particularly critical on some fill and cut sur-
faces. An immediate ground cover is essential on these sites to prevent
accelerated erosion. Any delay in plant development is potentially
damaging. Excessive runoff is often channeled from the road surface
onto sections of the fills, which compounds efosion problems. The
abnormal discharge often occurs in the spring when the soil surface
lacks a protective cover. Litter and the presence of plant roots are
very important in the prevention of excessive damage. Consequently,
sites with high erosion hazards should be immediately seeded to a
herbaceous cover. Interplanting shrubs and trees would also be very
beneficial, But trees and shrubs establisﬁ slowly from broadcast

seedings, and do not provide a satisfactory cover for a number of years.

OBJECTIVE 4

PLANT COMPOSITION CHANGES

In the fall of 1972 a series of plots were established on a benched
cut and a fill slope to evaluate the effects of grass competition upon
the survival of shrub and tree seedlings. Grasses and other herb seed-
lings are competitive with slower developing trees and shrubs, and have
suppressed their growth and survival, particularly on fill slopes.
Since it is difficult to plant grasses and other herbs. separately from
slower developing woody plants, improvements to the present system of
mixed seedings would be very beneficial. Consequently studies were
conducted to evaluate seeding different rates of grasses, dates of planting,
and fertilizer treatments on tree and shrub survival. Grasses were seeded

in separate plots at rates of 10, 5, and 2% pounds per acre. All plots
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were also seeded to 20 pounds of tree and shrub seeds. Two additional
ttéatments were used; one in which only shrubs were planted, and a
second plot,wpere grasses were seeded a year after the woody plants
were plénted. All plots were divided in'half and one-half was fertilized
at the time of planting. The first year emergence and survival of tree
and shrub seedling# is recorded in Téblefé for studies conducted on the
Mullan Bench site. |

Although first year data can be mislééding, plantings which consisted
of less than 2% éounds of grass seed per écre recorded between 3 and 9
times more tree and shrubs seedlings per acre than the plots seeded to
5 and 10 pounds of grass seed. The number of surviving woody plants at
the end of the first year period was progressively greater as the amount
of graésAseed added to the mixture was reduced. The number of tree
seedlings counted in May and June was similar for all treatments.’ After
this date, no additional shrub and tree seedlings were recorded for plots
‘seeded to 5 and 10 pounds of grass seed. The number of shrub and tree
seedlings continued to improve for all other treatments, with the highest
counts being recorded in August.

The large number of shrubs recorded in plots with little or no grass

seedlings results from plants of Holodiscus and Ceanothus. These are

small seeded species and plants are often grouped in clusters as the
seeds often are not evenly distributed.

. It is somewhat surprising that the grasses would suppress the mid-
summer emergence and survival of trees and shrub seedlings. Although

the interactionof grass competition will require additional data, other



-25=

e ey e T g
BT +

ey

HONTE NVTTOW HHL 404 QIQICOT OV ¥Ad INIIATAS amivS 8 AML J0 WIGNN

15228 S06‘zy | SL9°ss | s60°c 6LS 9286 LYS‘6 AT AR ZLL POZITTIAS]
STV 61 L86°8 98T°0T | €SS°1 08S 9Zb‘0T | 98S°6 987 ‘s $6T POZITTIISIUN
. Butpaag ssean Aeraq
L9s°ce SEC8T | ¥8STT | 006°2 0 250°S €SSy | 668°2 0 POZITTIIS]
SLvizs 28S°6T | 6SL°vT | €56°1 0717 | sv6°zT | z0L°ZT | 90L°‘2 LL POZITTIIATUN
; sse19 oN
689°12 08S°PT | 956°LT | $TZ°TT 08¢ 60S°L 15¢°9 909°S ¢6T POZTITTIAS]
St0°Se 228°2T | 98L°L 2L9°S 09T°T| $2Z°2T | LOL®6 ¢TIV S 98¢ pazITTIIaFUN
ssexy °sar z7/1 2
S TA 218y 066°S 6.S 0 vsz's vIL‘S €Se T ¢61 PozZITTIS]
8pS°L 5¢9°z 8.8°C 096 e61 16t AT AL S0L‘Z 0 POZTITTIIATUN
. sselH °sqT ¢
828°9 vLveS 68S°‘9 A 98¢ yseie r€8°s €5e T ¢61 PaZTITTII8]
0119 965£°2 pEpeT: | €s¢fT! 08¢ yTL'S | ¥SE°C | 996 ZLL PazITTIISTUN
~SSBIH °sqQT o1
s3urTpoass €L/80 €L/L0 €L/90 | €L/S0 €L/80 €L/L0 | $L/90 | £L/S0 s301d
Telol
sSurTpoas qniyg surTpoog odaxy],
. ‘4 91qel,

PN SRR



-26-

- plantings have demonstrated similar responses. However, from earlier

studies on all slopes grass competition became critical ;o tree and
shrub survivgl when the herbaceous ground cover approached 40% density.
Less than 207 ground cover was recorded for seeded grasses for any
treatment. An obvious improvement in the vigor and growth of the
grasses can be expected as plants mature.

Howe§er, from first year data improvements in the number of sur-
viving tree and shrub seedlings can be attained if the grass mixture
is reduced betwéen 2% and 5 bounds per acre. The reduction in grasses
has not resulted in an unsatisfactory herbaceous cover. The number and
distribution of grasses is sufficient to develop adequately. A dense
stand will be delayed for a few years as the plants mature and spread.
In siﬁuations where surface erosion is not a major problem the delay
does not appear to be critical.

Regulating the application rates and types of fertilizers used can

- also be an effective means of manipulating the vigor and growth of

seeded herbs. Delaying the fertilization of infertile sites may benefit
the survival of trees and shrubs, particularly if‘the woody plants are

allowed to establish before the fertilization program begins.
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